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The present invention relates to a distributed computer system and relates particularly, but not 
exclusively, (o a multimedia distributed object-based conference system. 

The otiect-based approach to system development is becoming weM-esiablished. The basic idea »s to 
program the system m terms of software objects, each having its own data and methods for operating on 
the oata. Obiects intercommunicate by means of messages. An advantage m encapsulating data and 
metnods m this way is that the resulting system is reiaiweiy easy to maintain and develop. An example is 
NewWave Mail (produced and sold by Hewiett-Packarai which is an ob|6Ci-based electronic mail applica- 
tions program m which messages anc message components, such as te;<t. diSinbution lists, etc. are treated 
as oDiecis. 

An object can be regarded as a discrete entity wnicn can individually be moved, copied, destroyed, etc 
An object is initially some data stored on disc or other medium, if obiect management software wisnes to 
pass a message to it. one or more processes will be initiated which read the data as part of initialization, if 
an object is fully defined by us aata and has no processes associated with it, it is said to be "inactive** If an 
object has one or more processes associated with it and <s refined by the state of that process or 
processes ana data then it is said to be "active". 

A distributed object based system is one m which several workstations are interconnected over a 
network and messages between objects of the system can be sent over the network. Objects themselves 
may also be transmissible over the network. A net/vork may comprise several interconnected intelligent 
workstations or a central computer connected to several terminals rworkstations) or several interconnected 
server machines with intelligent workstations -".onnected to each server, or a mixture of these possibilities. 
The term "workstation" is intended to be applicable to an of these possibilities. 

in a distriDuted object based system there are benefits m splitting sharable semantic and presentation 
parts so as to enable more than one user to access the semantic part of a shared object. For example, in 
the context of a distributed conferencing system a whiteboard obiect would have a semantic part defining 
the state of the object and a presentation part for defining the appearance of the object to be displayed to a 
user and for enabling rhe user to make input. Several users may have access to a presentation part for 
viewing the whiteboard object so that they can each mane contributions m a manner similar to a group of 
people clustered around a real whiteboard. 

The workstations may be arranged m a client-server arrangement ^ith semantic object parts stored on 
server machines and presentation object parts stored on client machines. Alternatively, semantic object 
parts may be distributed around user machines on a network of intelligent workstations. 

According to the present invention we provide an object based distributed computer system comprising 
a network of workstations and means for transmitting objects between workstations characterized by objects 
including a first Object type for storing data and a second object type for presenting data to a user, wherein 
objects of the second type reference an associated object of the first type to enable a plurality of users of 
workstations to access data of the object of the Ursx type, comprising means for transmitting an object of 
the second type between workstations thereby to create a reference to the associated object of the first 
type for each workstation receiving an object of the second lype. 

The present invention provides an effective way of enabling further users to have access to a semantic 
object part, either for the purpose of autonomous working or for the purpose of participating in a joint 
activity. 

In the embodiment to be described, the system comprises means for copying an object of the second 
type between workstations. In that embodiment transmuted objects of the second lype include an identifier 
for the associated object of the first type. 

The system according to the present invention may be m the form of a conferencing system comprising 
means enabling users of the workstations to participate m a meeting over the network wherein objects of 
the first type store meeting data and objects of the second type are for presenting meeting data. The 
invention also provides a method of convening a meeting using such a system comprising transmitting an 
object of the second type between workstations thereby to create a reference to the associated object of 
the first type for each workstation receiving an obiect of the second type. 

It is believed that poor communications are a major cause of the poor performance of distnbuted teams 
of oeopie working on a given project. The present invention aovantageously provides an improved 
conference system for facilitating distributed meetings. 

A particular embodiment of the present invention will now be described, by way of example, with 
reference to the accompanying drawings m which- 

Figure 1 IS a diagram of a distnbuted system according to the present invention; 
Figure 2 shows the major components of a server and workstation of the system: 
Figure 3 Shows a voice and data network structure: 
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windows. 

A possible video network is shown m Figure 5 The vnieo fietwork it baseJ on a central video switcn 54 
connected using a star topology to client workstations C Video signals are modulated on to VHF earners 
and transmitted over standard analogue cabnng 56. The video switcn 5** is a oonventtonal cable television 
switch. Several sucn switches can oe cascaded m a bar arrangement for large systems. 

For long distance video communications, a devtce 58 for camcfessmg and decompressing video 
signals (a "coaec"t rnay be used and the signals are transmitted usmg ISDN te*epncne lines. 

The architecture of the obiect-based system tO will now be oescfbed. 

With reference to Figure 6. the strjcture of one user's oortion of the system is represented. The 
functions of (he objects are as follows: 

a Venue object (Vi ts an electronic meeting place allowing control over media channels and providing a 
location for storing shared obiecls. A user may have several Venue objects: 

a Phone Booth object (P8) controls the -ueation cf Venue objects and oversees the setting ud. 
maintenance and closing down of conferences. The P8 comprises a processor for handling incoming and 
outgoing calls: 

a Connection Manager object /CM» controls dnver components lO- ... D„) which handle media 
connections for the system iO: 

-a Directory object (0) which provides a list of potential meeting participants. 

Object X represents another system object for performing a specific meetmgTeiated function, eg. a 
whiteboard function. 

Figure 6 ts a conceotual representation of the system )0 and the arrows represent inter-object 
communication. In the embodiment being described, the system oomprises client workstations C and 
servers S ana most of the objects referred to tn Figure 6 are functionailysplit into a server component and 
one or more client components as indicated in Figure 7 

The server objects handle the centralized and distnbunon • oriented aspects whereas the cHent objects 
handle the presentation aspects. Hence shared applications can be written with one server object connected 
to a plurality of client objects on different client workstations 

In Figure T. PB-s means a Phone Sooth server object and P6-c means a Phone Booth client object, 
and so on. 

In this embodiment, the client objects are impJemented as NewWave objects ie. several new classes of 
NewWave objects have been added: Venue objects. ROAM objects. Whiteboard objects. Phone Booth 
objects. Thus the semantic part of these functionally split objects runs en an HP-UX server and the user 
interface runs on MS-DOS NewWave client workstations 

The client workstations are each running an object-based system of the type described m European 
Patent Application No.339220A. the description of which is incorporated herein as Appendix A. Appendices 
A-0 mentioned m attached Appendix A are not attached as part of this application but are incorporated 
herein by reference. Appendix A describes how objects are linked together Oy parent-child links and how 
objects can be copied. During a copy operation, the container of the oDjecl to be copied sends a message 
to the OMF28 asking the OMF28 to copy the relevant object and identifying the container object which is to 
receive the copy object. 

The OMF28 performs the copy function and then sends a message to the target container object 
instructing it to insert the copy ooiect as one of its child objects. 

Mailing an object involves serialising the object, transmitting it to its destination and desenaiising it. 
Serialising an object involves converting it to files, say DOS files, containing the data of the object and 
information about its properties and its child objects. 

Server objects are not linked by parent<hild links in the manner m which client objects are so linked. 
All client objects contain a reference to ihetr associated server object. Figure 3 shows the form of oata item 
60 used to name objects. The data item 60 is an eight-byte array following the convention used for internet 
Protocol (IP) addresses. The first 64 bits is a machine identifier M i 0 compnsing a 32 bit server (P address 
and a 32 bit machine IP address. For a server object the server IP address and the machine IP aadress will 
be the same whereas for a client object these will be different, if there is only one domain per machine, the 
domain identifier 0 1.0 is zero. The object identifier O I 0 comprises a 32 bit generation count and a 16 bit 
tag. The i6 bit tag uniQuely identifies the object within the relevant storage domain. Since tags are reusable 
when an object is deleted a generation count is used to ensure that each object is uniquely-named m time. 
The generation count is simply the time m seconds. 

When a client object is closed (inactive) it appears as an icon on a user's screen. The user opens the 
object by clicking on the icon Opening a client object causes it to send a message to as associated server 
object informing the server oDiect that the client obieci is now active i.e a Here Am I message. Until then. 
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Figure shows video facilities for a client workstaiicn. 
Figure 5 shows a video network structure; 
Figure 5 illustrates ;he mam objects m the system 

Figure 7 illustrates the functionally split nature cf the oojec's tn the system. 
: Figure 8 Shows the maior components of the system infrastructure: 
Figure 9 shows a typical Venue: 
Figure 10 shows a CoMedian directory; 

Figures 1 1 - 14 illustrate message sequences for system operations: 
Figures 15-27 snow screens during a typical user session. 

The ma,n components of a mult.-meo.a distrOoteo oD,ect-oasec conlerencng sysiem accord.no -o Ihe 
invention will (irst De descfibec. y i c 

Referr:ng io Rgure I. a muii.rr.eCia d.stnbu.eo ofc,ect-bas«d conference system according to -he 
cresen, ,nven,.on ,s mdicateo at .0. The system ,0 comp„ses servers S connectea over a network ,2 The 
network 12 may be a -v,de area network ,WAN, or a local area network (LAN, or a metropoi.tan area 
. network (MAN,. Client workstat.ons C are connected to each of the servers S Each s.te requires a server S 
Servers S communicate with each other by ooen.ng virtual c.rcu.ts between oa.rs of servers Although m 
prmc.pie. Client workstations C could communicate directly w.th each other, this creates practical problems 
and therefore each client workstation C has only one virtual channel open to -ts local server S to enable 
- Client workstations to communicate with each other via servers S 
Referring to Figure 2. each server S comprises: 

hardware i4. such as an HP9000 300 HP-UX computer (MP ,s a trade mark of Hewlett Packard 

Company); 

operating system software 16, such as HP-UX software; 

Remote Ob,ect Access fvtanager (ROAM) software t8 for managing communications w.th client 
A'Orkstattcns C connected to the server S and other servers on the network: 
COM software 20 providing object management facilities: 

server oP,ects 21 which are obiects to be shared between users and which correspond to the semantic 
obiecr parts mentioned \n the mtroducricn. 
Each client workstation C comprises: 

hardware 22. such as an iBfvt-AT compatible PC; 

operating system software 24. such as DOS softwaie. 

windowing software 26. such as MS Window* aopiicattons software- 

an Object management facility (OMF) 28. such as a Standard NewWave OMF (Newwave »s a trade 
mark of Hewlett-Packard Company used for a family of applications softwarer 

cbiects software 30. such as NewWave ob,ects ana specialised client obiects 32 and a ROAM obiect 34 
for nandting communication with obiects on other computers. The ct.em obiects 32 correspond to the 
presentation obiect parts mentioned m the introduction. 

The user of a ci.eni workstation C therefore has a w.ndowed user interface wuhin which to manipulate 
obiects or the system and can cause obiects to oe transmuted over the network I2 via the assonated ' 
server S. 

The system 10 provides multimedia facilities to use-s. For a.xample. each ci.ent workstation C may have 
voice and or video communication facilities as well as data communication facilities 

A possible voice ana data network structure 40 .s shown m Figure 3. In each o( two sites designated A 
and 8. a networked PC server 42 .s connected to the local PA8X. The PC server 42 contains one or more 
multi-port telephone interlace cards (such as the VBX-300 card made by Natural Microsystems inc , The 
PABX ,s controlled by the PC server 42 and users can use their existing standard desk telephones 44 which 
are connected to the local PABX and conveniently located near their client workstations C. 

each of the sites A and B comprises a LAN and a LAN WAN bnoge interconnecting the LAN with a 
WAN. 

In use. the PC server 42 receives commands from servers S to set up. maintain and close down 
telephone conference calls. To the PABX. the PC server 42 appears as a normal telephone user and can 
therefore dial ether users adding them m to conference calls using OTMf. 

in order to conduct conferences over a wider area. PC servers 42a and 42b on respective sues A and B 
connect to each other over the public switched telephone network (PSTN) and add in their own local users 
to the conference. 

Referring to Figure 4 each client workstation C .viih /.deo facilities has a video camera 46. two or more 
VHF TV receivers 48. a microphone 50. a preamplifier 5i and a VHF modulator 52. 

Furthermore, ihe client workstations c may be fitted w,.h video cards to enable a user to v.ew v.oeo m 
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Sutton Appearance 


Meaning 


No Oulion 

Whue. unntghlighted 
Black 

Red 


This person ooes not have this meoia channel available. 

The media cnannei is available, t/ut noi cnosen for use. 

The nr.edia channel has t?een selected, but is fnactive because the person 

is not present tr the Venue o» the connection has not been completed yet. 

The media channel »s oemg used. 



The lower portion of the Venue Is taken up by the shared cbiect area 78. Thig- acts as a snared foioer. 
storing objects on the server and making them accessible to all users of the Venue. Inactive objects are 
represented by an icon such as icon 38 m Figure lO. Objects m the shared object area 78 may oe client 
cbiects e.g. Whiteboard chent objects, or may be standard NewWave objects, it is possible to move objects 
into ana cut of the snared object area "3 of the Venue-client object Moving a functionally-split object such 
as a Whiteboard object into the shared object aiea 78 does not entail moving the Whueboard-server object 
but just the Whiteboard-ciient object. The OMF28 instructs the Venue client object to insert the Whiteboard- 
ciieni object as one of as children. The Whiteboard-cfient object is then serialised by the Venue-citent 
object ano sent to the Venue-server object. The Venue-server object updates its other active Venue-client 
object with the news that a new Whiteboard object is available m the Venue and these Venue-client objects 
disciay the Whiteboard-client object icon in their snared object areas 78 accordingly. The Whiteboard- 
server object remains on whatever server tt was initially stored. Subsequent opening of the Whiteboard 
ODject by any of the users cf the Venue cause a copy of the Whiteboard-ciieot object to be senaiised by 
the Venue-server and sent to the relevant client-workstation where it is deserialised providing access to the 
contents of the Wmteboard object for that user. When that user subsequently closes (deactivates) the 
Whiteboard object, the copy of the Whiteboard-client object remains on that machine for subsequent use. 

In contrast, if a NewWave object icon is moved mto the shared object area 78 of a Venue-client object, 
this causes the NewWave object to be serialised and sent from the client workstation to the server machine 
which stores the relevant Venue-server object. The Venue-server object then instructs its other active 
Venue-ciient objects to display the relevant NewWave object icon, Subsequent opening of tne Newwave 
oDject by a user of such an active Venue-client object causes a copy of the NewWave object to be made 
ana sent to the relevant client workstation. Each such user thus obtains a separate copy of the NewWave 
object and changes which a user makes are not reflected m the copies held on the other users' machines. 
This IS a consequence of the non-functionally split nature of NewWave ODjects and is an impiemeniational 
feature rather than one which is important to the present invention. 

There is one Phone Booth server object on every server machine and one Phone Booth client object on 
every client workstation. The Phone Booth client object arranges for the creation and activation of Venue 
client objects on client workstations and the Phone Booth server object manages the creaton of Venue 
server objects and the convening of Venues. On opening a Phone Booth client object the user is presented 
with a directory 90 of Dossibie meeting participants as shown m Figure 1 1. The directory 90 comprises a list 
92 of potential participants, an area 94 for displaying a picture of a participant, a m.edta selection area 96 
and an options area 98 displaying three options: Convene Select and Cancai. Unavailable media options 
are greyed out m the area 96. 

When a name ts selected by choosing the Select option and then selecting a name from the directory 
90. a picture of that participant appears m the area 94 as shown. The media connections are selectable by 
checking the relevant boxes m the media selection area 96. Checking the box beside the name of the 
person in the area 94 ados that person to the list of Venue participants, in addition, the initials of the media 
options chosen (Phone. Video. Data) appear against the participant's name m the list 92. A previously 
selected participant can be de-setected by oe-checkmg the box beside the name of that person m tne area 
94 Taking the Cancel option means that none of the changes made smce the window for the directory 90 
was brought up will be implemented. The Convene option win pe described later. 

There is also a Connection (Vlarager object on each server machine providing the facility to interconnect 
users using different mecia. The Connection fV/tanager object handles the generic operations involved m 
establishing non-data interconnections. Drivers for each medium available, eg. video, telephone, handle the 
specific operations involved m carrying out switching requests ounng use. The Connection Manager object 
performs the following services: 

maintains a list of media resources available m the system: 
- detects wnen resources fail 

• monitors resource Channel availability (:e. monitors, microphones, speakers, cameras): 
sets up connections oetween peopie using oifferent media: 
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V workstation B 10 the Phone Booth server object P8-s. if the jnvitancn is accected a Create Venue message 

(referencea 6) »s sent from the Phone Booth ierver object PB-s to the Phone Booth client object PC-c* 
which causes it to create a new Venue client object V-: on client workstation 8 involving sending a Here Is 
Parent message (referenced 7) to the new Venue - chent object V-c' to notify n of the identity of the Venue 
5 server object V-s. The new Venue client ocject V-c' then sends a message (referenced 8) to the Venue 
server oDject v-s requesttng information abcut the contents of the Venue. The reply from the Venue server 
object v-s IS referenced 9 m Figure 13. 

Messages corresponding to those referenced 6-9 are sent between the server S and client workstation 
A so as also to create a new Venue-client object v-c on that workstation and these messages are 
■0 referencea 10-13 m Figure 13. 

Finally, the Venue server object V-s sends a request (leferencefi 14» to the Connection Manager object 
CM to set up the chosen media connections and the Ccnnecttcn Manager object instructs the relevant 
media drivers accordingly (dotted line referenced l5j. 

The users of client workstations A and B can then communicate us:ng the newly created Venue 
'5 It is also possible to convene an existing Venue by selecting the Convene option within the Venue. 
This initiates a sequence of events whicn will oe described with reference to Figure 14. Again, a server 
machine S and two client workstations A and B are represented. 

The user seiet:tion of the Convene option is referenced i m Figure 14. This causes the Venue client 
object v-c to send a Convene Request message (referenced 2) to the Venue server object v-s which 
:o notifies the Phone Booth server object PB-s of the convene request in a message referenced 3 which 
identifies the intended meeting participants. The Phone Booth server oojeci PB-s sends a Ring message 
'referenced 4) to the Phone Booth chent objects PB-: on the workstations of the intended meeting 
participants causing a dialogue box to be displayed on these workstations mvumg the users to partake m a 
meeting. When these users accept or decline the invitation this causes a reply message (referenced 5) to 
^5 be sent from each Phone booth client object P8-c" to the Phone Booth server object PB-s. 

The next step is for the Phone Booth server object PB-s to instruct (message referenced S) the Phone 
Booth client objects PB-c* to create new Venue client objects V-c on machines where a Venue client object 
linked to the Venue server object V-s is not already stored. Such new Venue chent objects V-c' then send a 
message (referenced 8) to the Venue server object V-s reauesiing information about the contents of the 
30 Venue so that the appropnate »cons can be displayed m the shared area 78 of Figure lO on the respective 
client workstations. The reply message containing' information aooul the contents of the Venue from the 
Venue server object V-s is referenced 9 m Figure I3. 

The Venue server object V-s then sends a request (referenced lO) to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager object instructs the relevant 
35 media dnvers (not shownj accordingly (dotted ime referenced n ». The distnbuted meeting can then 
proceed. 

A user can also set up a new Venue by selecting a Create a New menu option in NewWave Office 
^ (Figures 14-17 of Apoendix A). On opening the new Venue-clieni object a Venue-server object also needs to 
be created. Figure 15 depicts the process. A server machine is indicated by S and a client workstation Dy 

JO C. 

The act of opening the new Venue-ciieni object V-c causes it to send a message (referenced i ) to the 
Phone Booth client object PB-c which triggers a message (referenced 2) to be sent from the Phone Booth 
client object PB-c to the Phone Booth server object PB-s requesting creation of a new Venue server object 
V-s. The Phone Booth server object PB-s creates a new Venue server object V-s using a Venue Start 
J5 message (referenced 3». Next the new Venue-server object v-s sends a Here Is Parent message 
(referenced 4) to the Venue-client object V-c containing the lO of the Venue-server object. The new Venue 
client object V-c then sends a message (referenced 5; to the Venue server object V-s requesting 
information about the contents of the Venue and there is a corresponding reply (referenced 6) from the 
Venue server object. 

50 It is possible to add new meeting participants to an active Venue by selecting an Add New Member 
menu ootion. This causes a directory of potential participants to be displayed as shown m Figure 1 1 to 
enable the selection of one or more further participants and associated media connections. Information on 
these choices is conveyed from the Venue client object to the Venue server object which updates the 
control panels of the relevant Venue client objects. Chosen new meeting participants are not aware of any 

"is change until someone convenes a meeting. 

When a user elects to close a Venue by selecting a CLOSE option this causes a message to be sent 
from the relevant Venue-client object to its Venue-server object informing the Venue-server object that the 
Venue-clieni object is deactivating. The Venue-server object then messages the Connection Manager object 
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• pomt-to-point 

■ muUi-point: all that are available 

maintains hst of establ.sne^ connections and ensures synrnron.zat.on w.in other networks -e rr^a.nta.ns 
a moaei of the state of other networks. 

ODtimr^es switcnirg to prevent unnecessary disconnec: -connect transactions: 
Drovices an interface for momtonng ana auditing: 
proviaes interface to mecia drivers 

Another funct-onally solit ooiect wh,ch ,s crovded .n m,s sysiem =s me Wh,tebcard. A Whaeooard obiect 
Drcv,aes users w„h a shared computer wh„eboard fac^hiy so that a user can draw. v,r„e and type on h,s her 

K '"^ °e -sidle to other users v,ew.ng ,ne 

sarne Wh.teboard on d,«erent client workstat.ons. Th.s the Wh„eOoarc ob,ect ,s an .n(crrT,at.on snar.ng 
-Tiedium ^nrch allows users to look at a picture of what they are oiscu-Siog 

Figure 12 shows an e.a,T,pie of the appearance of a Wh.ieeoard chent ot5,ect. The Whiteboard .s be.ng 
vewed a -ndow ,00 having a t.tte bar ,02 and a menu bar i04. A drawing area ,06 of the window ,00 
•s devoted ,0 displaying the contents of the Wh.teboard. in ,h,s case a rr^ap showing the location of a 
Hewlett-Packard office. A, the bottom of the window ,00 -s an area .08 indicating the range of tools wn.ch 
are available to the user .:f the Whiteboard. These tools cofDpnse: 



a scroller 


no 


a pointer 


112 


a selection of different coloured pens 


1 14 


an eraser 


116 


a text selector 


M8 



Apart irom the pointer ,,2. the tools are personal to a user ,e each of the users v.ewmg the same 
Whiteboard could be using the same tool eg. a red pen. w.thcut having ;o -^a,, until another of the users had 
fimsned using that tool. 

The scroller , ,0 can be used to scroll the entire window ,00 around the Whiteboard. Selecting tn,' tool 
iurns the cursor ,n,o a corripass enabling the /.ew of the Whiteboard to be click-dragged around by the 

Only one user can move the pointer 1 ,2 at a time. A user takes control of the pointer by clicking on the 
PO,nter logo - this turns the cursor into a pointer At this time, the other users viewing the Whiteboard 
canro, see the pointer i ,2. To show the pointer , ,2. the user needs to cmck .t down at a chosen point m 
me drawing area 106. The pointer ,12 then becomes visible to all of the Whiteboard users at that rhosen 
oosiiion. The cursor of the user who has just moved the pointer , ,2 -everts to the default arrow 

Likewise the seven coloured pens are selectable and deseiectable by clicking on the appropriate pen 
■oqo. enaoling different users to make input m different colours 

The eraser i ,5 .s selectable to remove marks on the Whiteboard. Also, direct typing of text onto the 
Wmteooard can be done by selecting the text selector , ,6. 

in the area ,08 there is also room for a status message i20 As users open or close the Whiteboard 
other users are notified by a status message. 

Modes of operation of a system according to the present .nventon will now be described concentrating 
first on utilisation of the Venue. 

Once a user selects participants and media as described w,th reference to Figure 1 1 and selects the 
Convene option a process of events is initiated to create a new Venue ob,ect. Figure 13 shows tne objects 
ano the numbered sequence of messages. Figure ,3 depicts a server machine S and two client 
workstations A and B connected to the server machine S. On each ciien, workstation there is .mtially a 
Phone Bcoth client ob,ecl PB-c. On the server machine S there is initially a Phone Booth server ob.ect PB-s 
and a Connection Manager object CM. 

On selecting the Convene option using client workstation A. which causes an input (dotted line 
.-elerenced ,) to the Phone Booth client ob,ect PB-c. a message (referenced 2) is sent from the Phone 
Booth client ob,ect PB-c to the Phone Booth server ob,ect PB-s on the server machine S causing the Phone 
Booth server ob,ect to create a new Venue server ob,ecr v-s usmg a Venue Start message (referenced 3) 
The Phone Booth server obiect PB-s then sends a Ring message .referenced 4, ,o the Phone Booth n.ent 
ooiect PB-c on client workstation B causing a dialogue box to appear on the screen of client workstation B 
inviting the user to take pan m the proposed meeting That user accepts or .reclines the invitation reusing a 
:orresoonding message (referenced 5) to be sent from the Phone Booth client object PB-r' on client 
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to "open" an obiect. the user double clicks on :ne 'eievani tcon Referring to Figure 17 Martin has 
ooened the Proiect Meeting Venue which is shown m a /vmoow i74. The wmaow 174 has a rnenu bar t76 
wnich has similar options to the menu ftar 130 of the A.ncow i26 except a Meeting ootion instead of !he 
Setting option The window i74 jisplays a oarticipants area 178. showing only Martin, and a snared items 
area 180 which :s empty. Underneath a bit map 182 ol Manm is a name bar 184 which includes a 
notification of presence and three media control buttons 165-7 for Phone. Video and Data respectively Oniy 
the Data button i87 is highlighted m this example, le. blacked out m Figure 17 

On seieciing the Meeting option from the menu oar 176 of the window i 74. a CoMedian directory 
/v.ndow 190 apoears. Figure i8. The reference numerals for the CoMedian directory which were used m 
F.gure 1 1 win be retained here. Martin selects the name Richard Jennings from the list 92 of potential 
participants causing a picture of Richard to appear m the area 94 together with crosses m the video and 
caia boxes m tne area 96 to indicate Richard's media selections. This means that Richard will be contacted 
through :he system for data sharing with both video and audio travelling over video connections. Manm then 
ciicks on the Convene button in the options area 98 to add Richard to the Venue which causes Richard's 
image to )Oin Martin s .mage m the Venue as shown at 192 .n Figure 19. Richard is marked as absent at 
194 and a banner 196 is displayed indicating mat he has been mvited Martin has selected both video and 
data connections for himself m order to m.aich what was seiectea for Richard. This causes the video and 
data Dultons 186 and 187 to be highlighted m a first colour to show that they are currently in use albeit only 
locally to Martin's own workstation. Richard's video and data media buttons i86a and I87a are highlighted 
m a second colour to moicate that they have been r.5que-sted out are not yet m use. 

While wading for Richard to join the Venue. Mari-n )S moving tne Design Notes and Design Pnncipies 
objects 170 and 172 into the shared items area i80 of the Venue by -riicKing on each object and dragging it 
to the area i80. 

Moving now to Richard's workstation, shown ,n Figure 20. the invitation to join the Venue has reached 
his macnine and has caused a bell 200 to apoear at the bottom of his screen. The bell 200 is flashing and 
making a ringing sound to anract his attention. Richard clicks on the bell 200 and the result is shown m 
Figure 21. An invitation message box 202 is brought up teiiing Richard that he has been mvtted to a 
meeting and g.vmg the name of the meeting and tne name of the person who convened the meeting. The 
invitation message box 202 compnses two options: Accept and Decline. Richard clicks on the Accept option 
to accept the invitation to jOin the meeting. 

Referring to Figure 22 accepting the mv.tation causes a Venue client op,ect automatically to be created 
and a window 204 to be opened for Richard. The chosen media connections have been set up so that 
flicnard can now see and hear Martin and the objects that Martin has placed into the shared items area 180 
are available to him. F.gure 23 shows that Martin can see the same Venue having the same contents on his 
workstation. Referring to Figure 24. dunng the meeting. Martin has Opened a window 206 on the Design 
Nctes whiteboard object. Martin informs Richard of this so that Richard can also view the whiteboard object 
and then both Martin and Richard can scnbble on the whiteboard and view each others input. When their 
meeting is finished both Martin and Richard close and save the Venue. 

Figure 25 shows the Venue object i63 saved m Richard's NewWave office. In Rgure 26. Richard has 
just opened his NewWave office and is viewing the Venue 168 m a window 208. Martin is not present 
(although he would be »f. comcidently. he had his Venue open at the same time as Richard. In that situation, 
the relevant media connections would automatically be set up). Referring to Figure 27. Richard has selected 
the Meeting menu item using the cursor 210 so as to bring up the CoMedian directory 21 2 and he has 
selected Ed Oavies <n the manner previously described. Ed Oavies does not have video capability, instead 
he is selected by telephone. Clicking on the Select bunor wdi cause Ed to be added to the Venue without 
beginning a Convene operation. 

Referring :o Figure 28. Richard is about to initiate a Convene operation by selecting the Action item 
from the menu bar 214 of the window 208. and selecting the Convene option from the corresponding menu 
216, Since Ed ooes not have video capabilities, the audio from his telephone would be mixed into the video 
feed into Manm and Richard and their audio signals would be sent to Ed's telephone during their distributed 
meeting. 

Turning now to Figure 29. a new session is beginning on Richard Jenmng's workstation. A window 220 
contains Richard's NewWave Office. Richard has created an outgoing message represented by the icon 222 
caiieo "Meeting Request" (using the "Create a New" option from the Action Menu - see Figures 14 to 17 of 
Aopendtx A), in Figure 30. on opening the outgoing message 222 it is displayed m a window 224. Richard 
has completed the oismbuiion hst 226 and written a cover note 228. 

Referring to Figure 31. a new Venue-cheni object represented by the scon 230 is created (again using 
the "Create a New" option). The Venue-rlient object 230 is copied and oraggea .nto the window 224 
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0 o.sconrec. the media connections 'or tne Venu6-ci,en, ooiect .h.cn ,s deact.vatmg. The Venue-server 
b t e cs messages to all of ,.s other Venue-cent oo.ec.s ,n.orm.ng ,hem of the deact.va„cn o tf^e 
articular Venue-cen, ob,ect so tha, these other Ver,ue-c!,er:, oo,ects alter their appearanre to ,nc cate rna 
me relevant meeting memper is now absent. ^-Mcorof -e lo mcicate mat 

5 Another way o( setting up a d.stnbtteo meeting ,s for a .ser to copy an ex-stmg Venue-nient obiect to 

Vel'^'lntT"?/"'::"""- ' ' '° ^ - O'"- cop ng 

r h» o ! ' ? ' ^ 'eference to the relevant Venue-server ob.ec. on those 

oCctTs Reserved Unue-serve! 
' ^0 ' '^^^ °e copied to other worXstations. One way .s 

-o! ens , clu^^^^^^ ' ' ^''-'^"-^actcaro's fMe.Wave Mail and a Venue-Cient 

.oiect IS included m the message using a standard copy operation. When the or each addressee receives 

• m eZ^Af;. 'i •^^'^'^'^ P-P-«.on for the ,o ,hco^> " 

m! nc ol olnTZ " r ^"'"''"'^ "'^'^^^ commence ,h 

" °" ''^f"'"^ Venue-Client ob,ects. the.r 32 b,t machine iP address .s automatically updated and 

>he Venue-Client obiects send a Here Am I message ..0 the associated Venue-server obiect 
^t.T.T, " """"^ '° "'^ ' "''^"^^•^•^ "^^^""5 « copy the relevant Venue-dien, 

una. rT' n '^^'^^^ '° ^ "OPPV Csc tor other shared medium 

a InL , .n^ r I " " -0^^^'ations of the intended meeting 

oarticipants and deserialised thereby providing each of these participants «ith a copy of the Venue-clien, 

.~ ret; " " --''^^ --'^ - t:.e i::-: z 

A new Whiteboard-client object can also be created using the "Create A New" option ,n NewWave 
0(.ce. On open.ng the Whiteboard-ciient oD.ect a new Wh„eboard server ob.ec, needs fo be created The 
orocess IS analogous to that described with reference to Figure 15 replacing reference to vj^ue odieal 
with references to Whiteboard obiects. ooiects 

,ns,dt Z Z'"''''T\°'"^''' '"'"^ ' "^e- "Create a New" option 

r^ide the venue. In this case, the Venue-client od,ect automatically activates the new WhitePoard-cl.en, 

°' ^ "^"^^"^^ ^^'-^ ^ process ana-ogous to 

In the same manner as a Venue-client ob,ect can be copied and transmitted ,n an electronic mail 
message or v^ Moppy disc, a Whiteboard-cHent ob,ec, can be so utilised. Again the advantage o creating 

" ^2"«^°^''^-<^"«"' ''^'ect contains a reference to the Wh.teooard server 

ODject {as described with reference to figure 8). 

"'r'""""^ clescnbed. a Wh.teboard<lient ob.ect can t:e moved into the shared items area of a 
ulZ fZ V ' ""''"^ °' ^^"^^a^'^-client Object to be made available to the other 

users of the venue ob,ect thereby giving access to the associated Whiteboard server obiect to these users " 

An exemplary user session will now be described w.th reference to Figures 1 6 to 33 mvoivino 
nypothetical users Martin, flichi and Ed. involving 

Figure 16 shows a screen of a client workstation .Martin-s. runnmg Hewlett Packard NewWave Software. 

H winOOw 1 2d n3Sl 

a title bar 128 carrying the title "NewWave Office" 
a menu bar 130 offering the following options: 
Aciion. Edit. Obiects. View. Sertings. Task and Help; 
a system menu box 132; 
s\ze boxes i34 ano 136; 

a vertical scroll bar t38 w,th scroll arrows 140 and 142 and a scroll box I44- 
a horizontal scroll bar 146 with scroll arrows 148 and ISO and a scroll box 152- 

o n/^^tfir!^°T '^"'^ '^^^^^^'^ ^*^P^ Waste Basket i54. Agent 156 

P nmer 160. .n Tray 162. Out Tray 164. File Drawer 166. The .cons 168. 170 and 172 respectively on the left 
nand side represent work-related items: 

•Proiect Meeting-* a Venue-client ob,ect representing a reference to a Venue server object on the 
local server machine: 

"Design Notes" a Whiteboarfl-cnent obiect representing a reference to a Whiteboard server 

object on the local server machine: 
•Design Principles" a NewWave document obiect fully contained on the client workstation. 
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Brief Description of the Drawings 
Figure 1 is a block diagram of a ccaputer in accordance 

with the preferred embodiment of the present Invention. 

Figures 2 and 2A show block diagrams which illustrate 

the relationship between objects, applications and data 

files in accordance with the prtCerrei emi>odiment of the 

present invention. 

Figure 3 shows a plurality of objects linked in 

accordance with a preferred embodinient of the present 

invention . 
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d.splay,ng !he rriessage. Th,s .s ach.eved by cck-ng on tr>e .con 230 and pressing the control kev wh.c, 
dragging tne ^con mto the message. (Th,s .s an alternative method frvm the user persoenive to :ne copy 
procedure descncea wuh reference to Figures ia-20 of Apoendi.y A t The tsar 232 labeiiea "Pan 3" ,n 
Rgure 32 snows that the message new contains a copy of the Venue-ciiem object. The message" w.noow 
224 ,s then closed (F-gure 33) To send the message 222 ;t can be dragged onto the Out Tray ,ccn 234 
This causes a copy of the message, mciuflmg the Venue-ci.ert cbiect wmc.i u contains to be cent to the 
ceoDie on -he oistnbution list. The Oui Tray cbiec! 234 inmates the senansation of the mecsaqe 
comoone-MS :o enable these to be transmitted Over tne network On receipt at the resoective oeMmanons 
me in r.-ay oo,ect representee by -con 236 oeser.aiises the message components so that these can oe 
v.e«-ed and mamouiateo by the recipients. The recipients can drag the Venue-chem ob,ect out of the 
message and ,ntc their mam NewWave Office window ,220. At the appointed time, the !h,ee pan.cioants 
open their Venue-c:ient ob,ects to begm a distributed meeting. Du.mg the meeting, the users ran open 
Shared obiects e.g. a Whiteooard ob,ect. ano mooify these interactively as well as interacting througn thPir 
telephone ana video interconnections. For e.<ampie. mpui made by each user to a Wh.teooaro-ciien, cb.er, 
IS relayed to the Whiteboard server-ob.ect which updates all of the other corresponding active Whiteboard- 
Client obiects of the changes. 

Although only venue shared obiects and Whiteboard shared ob.ects are available to a user ,n this 
embodiment, it is envisaged that further possibilities for shaied ob,ects are a fax obiect a discoursP 
structurer ob,ect and tools to control the e.xtemai media such as a virtual monitor manager and a video 
cassette recorder controller. 

It IS envisaged that a system according to the present invention mav not enta.1 the use of dedicat-d 
server machines but that server ob,ects could run on user workstations given a suitable inter-oD,ect 

messaging infrastr-jcture. ^^i^^^ 
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Figure 73 shews a i)lcc< diagrac of the o rga ni za t i or. of 
HPOMF.CAT, a ayslea file inclucied ir the OHF shown in Figure 
7 2 . 

Figure 7^^ shows the relation between a global parent 
an(i global objects in accordance with the preferred 
eobcdiajcnt of the present invention. 

Figure 75 is a block diagraa which shows how systea 
files within the OMF shown in Figure 72 accesses data files 
and applications froa a xecory shown in Figure 1. 

Figure "6 is a block diagraa cf the organization of the 
IE e = o r y s h : w r in Figure 75- 

Figure 77 and Figure 72 show objects and links in 
accordance wi:h the preferred erbcdiaent of the present 
invention. 

Figure 7? is a block diagraa of the organization of 
HPOMF.XRF, a systea file included in the OKF shown in Figure 

7 2 . 

Figure 80 shows a view specification record in 
accordance with the preferred eabodiment of the present 

invention. 

Figure 8i shows the use of a snapshot in accordance 
with a preferred eabodiment of the present invention. 

Figure 82 shows the data path of a view when there is 
no snapshot, in accordance with a preferred embodioent of 
the present invention. 
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Figure U s.^ows a series of objects serving as folcers, 
as parents of objects contair.ir.g data, in accordance wi:h a 
^ireCerret esbcdioent of the present invention. 

Figure 5 illustrates the screen display which results 
•0 from linking of various o:)Ject3 in accordance wtth a 
preferred embcdi=ent of the present invention. 

Figure 6 shows the linking of objects in order to 

•5 ' 

create the screen display shown in Figure 5. 

Figure 7 shews how three objects caay be linked together 
in ac2or:ance with a ;ireferre^ eabodixent of the present 
i n V e n t i c r. . 

Figure 3 and Figure 9 illustrate how an object may be 

^5 

copied in accordance with a ?rer9rred embodiment of the 
presentinventicn. 
jc Figure 10 and Figure M illustrate the copying of a 

public object in accordance to a pref^rrtd embodiment of the 
present invention. 

Figures 12 through Figure 71 show the appearance on a 
screen of a session in which a user manipulates objects in 
accordance with a preferred embodiment of the present 
invention. Also shown are block diagrams, of how objects 
appearing to the user are linked in accordance to the 
preferred embodiment of the present invention. 

Figure 72 is a block diagram of an Object Management 
Facility (OMF) in accordance with the preferred embodiment 
of the present invention. 
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13, OM? 100 ir.foras tr^.e application w^.ic^. object th« 
a?piira:i:r. sr'.ouU access for 3ata. Tnat object is then 
consiie-ei to be active. An object is inactive when the 
application t.ne object is associated with is not being run 
by coaputer i8, or when the application the object is 
associated with is being run, but is not being run with the 
data of that object. 

Active Objects can comtsunicate with each other using 
messages. For exaaple i .' two instances of application 101 
are being rjn by co=puter i9, one with the data of object 
202 and the other with the data of object 203, object 202 
and object 203 are bcth active. Therefore object 202 say 
send a cessag- 2;; tc object 203. Siiilarly, if computer i8 
is running application 101 with the data of object 202, and 
is running application 1C6 with the data of object 20'', 
Object 202 and object 207 are both active. Therefore, 
object 202 may send a message 212 to object 207. 

Messages, such as message 211 and 212 may be formatted 
to be sent and received by all types of objects. This 
allows for free communication between all active objects. 
This also allows new object types to be defined and added to 
the system without requiring that the existing object types 
be updated to use the new tyoe . 

;t 

Each object has associated with^a set of data files. 
For instance, object 2:0 is shown to have associated with it 
a data file 221, a data file 222 and a data file 223. Data 
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FiS'^re 83 s.^-cws the i,t, of a view w.^en there is 

ar.ap^hot, in accordance w:,h , p,, ecrbodi.ent of the 
present invention. 



Description of the Preferred En. bod i aen t 
Figure 1 Shows a ccaputer i8 having a monitor M> , ^ 
keyboard .9 and a aouse .0. a Portion of computer .ain 
= e = ory 17 is shewn ty an arrow 5 to ..e within computer ,8. 
W.thin co=Puter «e=ory .ain i^ is shown an object .anage.en 
raciU.y (CMDIO:-. an application 'O,. an application ,C2, 
an application 103. an application .0.. an application 105 
anc: an application 106. 

r.ch of applications 10: tc 106 store data using 
objects. For instance, in Figure 2, application 101 i, 
= .^.cwn to have stored data using an otject 202. an object 
203. an object 20a and an object 205. Slotlarly, 
application 105 is shown to have stored data in an object 
207, an object 208, an object 209 and an object 210. OMF 
100 stores Infornation indicating which objects go with 
which application. Objects which are associated with a 
3ingle application are considered to be objects of the sa.e 
type, or the saoe class. For instance, object 202, 203 , 20*. 
and 205 are of the saae class because each is associated 
With application 101. Slallarly objects 207. 208, 209 and 
210 are of the same class because each is associated with 
application 106. All objects of the sa«:e class uae the sa«e 
application. When an application is being run by cooputer 
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chilclrer. ar.:: on or ir^re parents. An object ij no; 
allowed to Ceccae its o'-n descender. t. 

Ir. Figjre 3 is shc-r. a r. object 301, an object 302, an 
object 303, an object 30U, an object 205, an object 306, an 
object 307, ar. object 303 and an object 309 . Objects 301- 
309 have links with reference names which are numbers shown 
in parenthesis by each link. Object 301 has a link 310, 
with reference name " i " , to object 302. Object 301 has a 
link ?n, with reference ra = e "2", to object 30 3 . Object 
302 has a li.-.k 312, with reference nane "7", to object 30U. 
Object 3:2 has a link 313, with reCerer.zt nane "8", to 
object 305. Object 303 has a link 31H, with reference naae 
M", to object 30c. Object 303 has a link 315, with 
reference nase " U , to object 307. Object 30" has a link 
316, with reference naie "1", to object 308. Object 305 has 
a link 317, with reference name "7", to object 308. Object 
306 has a link 318, with reference naae "8", to object 309. 
Object 307 has a link 319, with reference name "9", to 
object 306. Object 307 has a link 320, with reference name 
"13", to object 309. Object 308 has a link 32 1, with 
reference naae "1", to object 309. Object 308 has a link 
322, with reference naoe "3", to object 303. 

Object 30r is a parent of 302 and 303- Object 303 is a 
child of object 301 and of object 308. Each of objects 302- 
309 are descendents of object 301. Descendents of object 
303 are objects 306, 307 and 309. Object 309 has for 
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in ia:a files 22', 222 ani 221 are in a roroat which ca.-, 
interpret ei by application 10;. 

Each otject has associated with it a list oT 
prcpe-ties. Each property has a naae and a value which say 
be accessed by specifying the naae. m addition, each clas 
of Objects has associated with it a list of properties that 
are co==on to all objects of that class. For instance, in 
Figure 2A. object 205 and application 101 are shown. Objec 
2C5 has associated with it a property 231, a property 232. 
and a property 233- Applicatlcn ICl has associated with it 
a property 131, a property 132 and a property 133. 

Property lists can contain any number of properties. 
Each property value can be froa zero to 3,2762 bytes in 
length. Properties are used to stcre descriptive 
inforcation about objects and classes, such as naaes , 
cosaents and so on. 

Objects nay have references to other objects. These 
references are called links. Links are directional: one 
object is called the parent, the other the child. Each link 
has a reference name which la a number that is assigned by 
the parent object to identify each of i t s. chl Idren . All of 
an object's children, its children's children, and so on are 
collectively called that object's descendents. Similarly, 
an object's parents, its parents' parents, and so on, are 
collectively called that object's ancestors. In the 
preferred eabodinent of the present invention, an object 
which oay be manipulated by a user, can have zero or sore 
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ccntains lines of text 5'', lir.es cf text =12. a graphics 
figure 51?, a graphics fig --ire 5^^ anc sprea^isheet data 515. 
As sl-.rw-. in Figure 6, text and fcraatting data is stored in 
an object 6M, graphics data for graphics figure 513 is 
store:: in an object 6l2, graphics data for graphics figure 
51^^ is stored in an object 6l3 and spreadsheet data 515 is 
stored in object 6lU. Lin'^s that are used to build coopound 
objects always have so = e '»<ir.d of data transfer associated 
with the li".'< and hence are called data links. In Figure 6 
is shewn a data link 615, a data link 6l6 and a data link 
617. In dc:u=ent 5iO. data froo object 6l2. object 613 and 
object SU are cerely displayed, therefore data link 6lU, 
data link 6:5 and data link 6i6 are visual data links. In a 
visual data link, the parent will send requests to its child 
to display data within the parent's window. 

In Fig'Jre 7, an object 701, which contains data for a 
first spreadsheet, is linked through data link 70M to an 
object 702, which contains data for a second spreadsheet, 
and is linked through data link 705 to an object 703, which 
contains data for a third spreadsheet. The first 
spreadsheet uses data froo the second spreadsheet and from 
the third spreadsheet. Since the first spreadsheet does 
more than lereiy display data froo the second and the third 
spreadsheets, data link 70U and data link 705 are called 
data- passing data links. 

OMF 100 does the "bookkeeping" when objects are copied 
or nailed. When an object is copied, CMP lOO oakes copies 
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.i: Of o...,= ..3 30,.>,3. o.Je.= 303 .as r,r 
3..,s-.,r, 3,.^ 

o.:e:-.,. . „ ^^^^^^^^ 

-»-.ro.. tn, „.j„, ,,,,,, „^ ^^^^ ^^^^^ ^^^^^^ 
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- u ,0. various purposes. For 

. L.ne .ors of objects. The 

chil..-e. or ct.:ec:s u.e. as Tellers a.y .e object, 
contai.-.ir.s ,a,a for use wit. various applications, or the 
o.jec.s o.y ot.e. Toilers. U 3.CW3. an example 

Of the use or ejects as folders. An object .01 (also 
calle. fclder .OM. a r. otject ao2 (also called folder <*02), 
a:', eject .:3 (also called folder .03) and an object UQl. 
(also called rolder Uo«) a r e u sed a s To 1 d er , . Folder UOI 
contains an otject .05. used to contain data, an object .06. 
used to contain data, an object uo7. used to contain data, 
and folder U02. Folder .02 contains an object .08, used to 
contain data, folder .03 and folder .0.. ^Folder .03 
contains an object .09. used to contain data, and an object 
"'0. used to contain data. Folder .0. contains an object 
"n. used to contain data, an object .12. used to contain 
data and an object .13. used to contain data. 

A sore sophisticated use of links is to construct 
compound Objects. For instance in Figure 5. a document 5iC 
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162 tnrcjsf. a new link '.6)i. OJjec: 16 U la a co?y of 
objet: 151. Lir.k i£3a is a ccpy cf linK 16]. 

In Figure 12 thrcugh Figure 7:, it is shown how objects 
are displayed to a user or. aoniior • . in Figure 12 a 
-NewWave Office" desktop is shcwr. to include icons labelled 
as Tile Drawer-, "Waste Basket", "Diagnostic", "Printers", 
"Star- and "My Folder". A user (not shown) has aanlpulated 
a cursor 73 1 . using keyboard 19 or oouse 20, to select "My 
F c 1 d e r " . 

Figure 13 shews how the objects displayed on lonitor 1 U 
are linked. NewWave Office (shewn as an object 700) is the 
parent of "File Drawer" (shown as an object 701) through a 
link 711, cf "Waste Basket" (shewn as an object 702} through 
a link 712, of "Diagnostic" (shown as an object 703) through 
a link 713, of "Printers" (shown as an object 70»») through a 
link 71U, of "My Folder" (shewn as an object 705) through a 
link 715 and of "Star" (shown as an object 706) through a 
link 716. 

In Figure 1U, the user, using cursor 78l, has selected 
"Create a New..." in a pull down itenu 782. As a result of 
this selection a dialog box 779 appears aa shown in Figure 
15. Using cursor 781, the user has highlighted the Icon 
"Layout- and using keyboard 19 has typed in the name -Paste 
Up- as a naoe fop a new object to be created. Cursor 781 
now points to a region labelled "OK". Once this region is 
selected, a new object titled "Paste Up" is created, as is 
shown in Figure 16. 
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of iata files aaso.iated witn the o:ject. If the o&Ject 
being copiec has c-.iliren, G".- lOC alsa makes copies of the 
object's :3e5cen<jent3 , and builds links tetween the new 
obJe::2 '.0 give the new coepcund object the saae structure 
as the original. 

For instance. Figure 8 shows object 303, from Figure 3, 
and the descendents of object 303. When OMF makes a copy of 
ctject 309. C-uF copies each of object 303's descendents and 
the lin^:s s^owr. in Figure 3. Figure 9 shows a copy of 
object 303. Object 303a is a copy of object 303. Object 
3C3a is a copy of object 303- Object 3C6a is a copy of 
object 305. Object ?07a is a copy of object 307. Ooject 
109c. is a copy of object 309 . Link 321a is a copy cf link 
321. Link 32 2a is a copy of link 322. Link 3 T»a is a copy 
of Link 3'-. Link 315a is a copy of link 315. Link 3l8a is 
a copy of link 31S. Link 3i9a is a copy of link 319. Link 
32Ca is 3 copy of link 320. 

In the preTerrei embodiment, the default behavior 
results in the copy of a parent's children when the parent 
Is copied. However, when a child is designated as "public- 
it is not copied. Rather, a copy of the parent includes a 
link to the child. For instance, in Figure 10, a parent 
object 151 is to be copied. Parent object 161 is linked to 
a child object 162 through a link I63. Child object 162 is 
a public object. As shown in Figure n, copying of parent 
object i£! results in new object l6ia being linked to object 
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I r. figure 23, -J a i n g c.rsor 7 5 1 , "Paste L' p " (object 70?) 
is shcwr. Deing dragged to vin'tou 785. In Figure 2^, the 
process is cocaplete and "Paste Up" (cbjert 70S) is new i - 
window "My Folder". In Figure 25, "Paste Up", shown as 
object 703, is now a child of "My Folder" through link 728. 

The user sets up oultiple links 5y using the Share 
coEBar.d. This coasand is an extension of the clipboard 
jnetaphor coraeon in so.'tware packages today for eoving and 
copyirg data around the systea. The clipboard is a special 
bu.Ter that the systes uses to hold data that is in transit. 

Ir. one way, the Share coaiand operates siailarly to the 
Cut or Copy cosaand described above. That is, using Share, 
Cut, or Ccpy, the user selects seme data first and then 
gives the Share command, which results in something being 
put on the clipboard. In the case of the Share command, 
however, what is put on the clipboard is neither the actual 
data nor a copy ef the actual data. Instead, it is a link 
to the selected data. When this link is pasted, a permanent 
connection Is made between the original data and the 
location of the Paste. Through use of OMF 100, this link is 
used by the involved applications to provide easy access to 
the original data (in its full application) and automatic 
updating when the original data is modified. 

In Figure 26, the NewWave Office window has been 
activated. "Paste Up" (object 707) has been selected, as 
evidenced by "Paste Up" (object 707) being in inverse video. 
Using cursor 78i, "Share" from isenu 78 3 is selected. In 
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Ir. Fisj.-e 17, "Faste U?" is ahcwn as an object 707 
linked as a child of NewWave Cffice through a link 717. 

The basic cliptcari operations are Cut, Copy, ar.i 
Paste. The user sust select the data that is to be ooved or 
copied, and then give either the Cut coaxa.nd or the Copy 
cc=: = a-d. Cut moves the selected data to the clipboard 
(deleting it frca its original location). Copy makes a copy 
or the selected data on the clipboard. The user oust then 
select tr.e location where he wants the data to be ooved or 
copied to, a.-.d give the Paste coieand. This co!= = and copies 
the contents of the clipboard to the selected location. 

In Figure iS a user is shown to have selected "Paste 
Up". The selection is represented by the icon for "Paste 
UP" being displayed using inverse video. With cursor 73l, 
the user selects "Copy- from a pull down aenu 783. In 
Figure 13a a Clipboard object 720 is shown to be a parent of 
an object 703 through a link 721. Object 708, is a copy of 
object 707 ( "Paste Up" ) . 

As Shown in Figure 19, next the user selects "Paste" 

(JL 

froE pull down men^783. The result, shown in Figure 20, is 
the addition of an object 708, pointed to, by cursor 78i, 
which is a copy of the original -Paste Up" object 707. 

In Figure 21, the new object is shown as object 708 
linked as a child of NewWave Office through a link 718. 

In Figure 22, "My Folder", has been opened by double 
clicking the icon for "My Folder" using cursor 781. The 
result is a new window 785 representing "My Folder". 
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spreaisheet ccjI- cause a graph to be re-drawn, and upiated 
as a fir.jre in a dojusent. Ar.i since an c&Ject can have 
cany parents, a single object can te used as -boiler plate" 
for any r.uniber of other objects. A change In the boiler 
Plate Will te reflected in all the objects which have links 
to it. Automated data transfer is illustrated in the 
following discussion. 

In Figure 3C, window 785 for "My Folder" has been 
closed. In Figure 3\ c-jrsor ?Sl is used to select -Create 
a New..." froc pjll down cenu 752. As a result of this 
selection dialog box 779 appears as shewn in Figure 32. 
Using c-rsor 73i, the i -.or. H?Text has been highlighted and 
using keyboard 19 the narte "Sacple Text" has been typed in 
as the r.aze for a new object to be created. Cursor 78i now 
points to a region labelled -CK". Once this region is 
selected, a new object titled "Sacple Text" is created, as 
is shown in Figure 33. 

In Figure 3", "Saaple Text" (object 709) la shown to be 
a child of .NewWave Office through a link 719. In Figure 3«», 
since "My Folder- has been closed, "Paste Up" (object 708), 
link 723 and link 727 are not shown. However, these still 
exist, but are not currently visible to a user. 

In Figure 35, placing cursor 73i on the icon "Sasple 
Text- and double clicking a button on mouse 20 results in 
-Saaple Text- being opened. In Figure 36, an open window 
789 for -Sample Text" is shown. 
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-Paste 'jp- object 707 th.-c-.gh a link 722. 
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In .-iS'J-e 27. v.-acw 785 has been activated. F 
«e.. 787. ^paste" is .electee. T.e result'; shown in figure 
29. is an icon 707a appearing in .i.n.ow 735. wnich indicates 
that "Paste L'p" (ofc-ect 707 ) is shared window 7 8 5 and t..e 
NewWave Office window. r, ,,,,,, ^, ^ ^^^^^^ 

paste, "Paste ijp" i, now shown to be both a child of 
Cliptc-a-d '2: through 1 i r. k 722 and a child of "My Folder" 
705 through a -nk 727. ir. Fig. re 29, showing Just the 
interconnectio.-. of objects visible to the user, "Paste Up" 
(ot^Ject 7C7) is Shown to .e a child of "My ^^Ider" 705 
through lir.k 72'. Since "Paste Up" (o.Ject 707 ) is shared, 
net copied. "Paste Up" (object 707) regains a child of 
NewWave Office through link 717. 

One key feature of data links is autoaated data 
transfer. When a child object is open and the user changes 
a part of it which is -shared out", then Lt makes a call to 
OMF 100. OH? 100 check, if any of the object's parents 
"care" about this particular change. If they care and if 
they are also open. OMF 100 sends to the parents a .essage 
informing the» that new data is available. The parent can 
then send messages to the child to produce or display the 
data. This feature allows the user to establish compound 
Objects with complex data dependencies, and then have 
Changes made to any sub-part be automatically reflected in 
other parts. For example, changing a number in a 
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in a 706. P,:,.....e t.e use or cursor 75, to 

select selection ..E:Hp3e-. in a »e.u wt.,ow 797 which 

results in the data within "Star" (cblec 706 ) h.- 

^'-j.ec. ^06j being changed 

r.-o« a star to an ellipse. As shewn in rig.re 5,. the 
-3olt is a Change both in .ata displayed in window 796 and 
data displayed in region 795 or window 79,. 

In Fig-jrs 52, c-jrscr 73l i< used tn 

usee to derine a region 797 

in win-cw 79-. In Figure 53 c' -«3- -fl • • 

b ^ ^i, so. ,8 . IS used to select a 

selectio, ^cr.ate a .ew..... p,,, ,^3^ ^ 

result or this selection dialog .0. 799 appears in p,,..e 
Dialog box 799 contains icons ror the two classes o^ 
objects available which are able to displaydata i„ region 
7 97 or Window 79.. .sing c.r.cr 78^ the icon "KP Shape- 
^•a3 been highlighted. .sing keyboard ,9 the na.e -Sew 
Shape- has been typed as the na=e ror a new object to be 
created. Cursor 73, now points to a regions labelled "OK". 
Once this region is selected, a new object titled -New 
S.ape- is created. Data ror -.ew Shape- i, displayed in 
region 797 of window 79, as i, shown i„ Pig,,e 55. In 
Figure 56. -«ew Shape-. (object 750 ) is shown to be a cMld 
Of -Paste up-. (Object 707) through a link 760. 

la Figure 57 a window 800 for -Kew Shape- was opened by 
Placing cursor 78, over region 797 of window 791 and 
Clicking twice on a button on „o.se 20. m Figure 58. 

r^or 781 is used to select the selection -Triangle- fro« a 
•^11 down .enu 80,. The result, as shown in Figure 59. is 
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In Figure 3^ a vin-w 7?, ror "Paste -Jp- (cbject 707 
has teen cper.ei by douCle clicking on tne icon for "Paste 
'.'P". In Figure 33. using Cursor 7Si, controlled by oouse 
20, a portion 7 90 of t^.e text of "Sample Text" has been 
selected. T.^e portion in inverse video stating "Mew Wave 
Office envi ronienf is portion 790. 

I' Figure 39, cursor 78l is used to select the 
selecticn ..c,,,^.. a Pull down »enu 792. i„ ^i^ure .0, 
an ares 793 in window 791 is selected using cursor 78i. In 
Figure U^, a selection "Paste" is selected fro= a pull down 
=enu 79a using cursor 75 1. m Figure U2, "Sample Text" is 
linked to ."Paste (object 707) and displayed text 790 is 

displayed in "Paste Up" window 791. In Figure ^3 "Sample 
Tex:" (Object 709 ) is snowr. to be a child of "Paste Up" 
(Object 707) through a link 729. In Figure U2, displayed 
text 790 is Shown in gray because "Star" window 789 is open 
In Figure , , -star" window 739 is closed so displayed text 
790 is clearly displayed. 

In Figure US, a region 795 of window 791 is selected 
U3ing cursor 78 1. Figure «.6 shows cursor 78l dragging the 
icon "Star" into region 795 of window 791. 

* 

In Figure U7, data from "Star- (object 706) is now 
displayed in region 795 of window 791. As may be seen in 
Figure U8, "Star- (object 706) is now a child of "Paste Up" 
(object 707) through a link 726. 

In Figure U9. a user has placed cursor 78l over region 
795 of Window 791 and double clicked a button on mouse 20. 
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.... ^^^^^ 

Child 709. 

i.^ ri,„.. .0, 3.,. ,„ ^„ ^^^^^^^^ ^^^^^ 

p-„. ,or ,.P,», ^ ^^^^ 

.a.l,, M. p..,„, . ^^^^ ^^^^ ^^^^ 

specification r«cor< for ini'It.. 

c„i« r„ ^^^^^^ ^^^^^ 

figure .3 -Sa^p,. <oM.ct 709, 1, , 

'^■'.<' Cf -P„ta up. ^^^^^^^ 

......cw acco,pU..i„, t.ia. p._, 

"'"^.-cau.o o„. ,00 .a.i„. 

- •'J.c. ICen.iri,. 5, t.. „„, ^^^^ 

T.l. .e,„,, .„„„ta tn. o»J,ct 70, t, dlapla, .ata 

"13 Un. l„t, . location ^^^^^^ 

70r. OMF 100 takes »h« 

take, .he .eaaage froa, parent 707, adds the 

^-a identincat.on n..,e.- r.o. the v.e. apec. Ticat ion 
record Tor U„k 7.9. and deliver, the .e.sage to child 709 
C.iU 709 di3pla.3 the data l„ the speciried location, in 

=a,e area 793. The na.e or the .esa.ge ,ent Tro. 
P-ent 707 to OHF 100 to child 709 i, "DISPLAT VIEW-, 
rurther described in Appendix B. attached hereto. 

Another message -PRIMT_SLAVE " . also described in 
Appendix B. .ay be used when it is desired to print data on 
a Pr:..er ra.her than display data on a terminal screen. 
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In adiitlon, Parent 707 cay send a "GEr_SI2i" oeaaage 
to Child osject 709. In a "CET.SIZE" meaaage, parent object 
707 lientifiea a reference nace for llr< 729 and Indicates 
coordinates for a display. OH? 100 takes the GET_SIZE 
message fro» parent 707, adds the data identification nueSer 
from the view specification record for link 729, and 
delivers the message to child 709. Child 709 returns to 
parent 707 the size of the portion of the specified area 
that child 709 would use to display the data. This allows 
parent 707 to nodify the region reserved for displaying data 
froe child 709 when child 709 is not able to scale the data 
to fit in the region specified by parent 707. 

When^data from a child object is being displayed by a 
parent object, and the child object changes the displayed 
data, the child objects notifies OKF 100 that there has been 
a change in the data object. For example, as described 
above, in Figure U7, data from "Star" (object 706) now 
displayed in region 795 of window 791. And, as may be seen 
In Figure U8, "Star- (object 706) la a child of "Paste Up- 
(object 707) through a link 726. Since data la being passed 
from child object 706 to parent object 707, link 726 la a 
data link which includes a view specification. 

In Figure i»9, the method for changing data In child 
object 706 is ahown. A user places cursor 78l over region 
795 of window 791 and double clicks a button on mouse 20. 
The result is the opening and display of "Star" (object 706) 
in a window 796. Using cursor 78i to aelect selection 
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-7-. Sine. o6J, = t 67, „ , ^^^^^ 
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rigure 78. o.J.cc 676 a .ocu.ent an. .a, a .ag 
Object 676 .3 a parent or an o.Ject 677 t..ough . 

link 679 and a parent of an object 678 . 

ooject 678 through a link 680. 

O&ject 677 ha5 a tag of "8-. rink «7o 

s • o . Link 679 as a reference name 

eject 678 .a. a tag of Unk 680 ha, a 

reference naoe "3". 

7S. 7.,. „ ^^^^^ ^^^^^ 

»-n.. t,, .,7-. :„ ^^^^^ 

in c = U,„ 733 t.,.. ^^^^^^ 

witn lio. 679, t., ^^^^^^^ 

reco . 

^i.u.n,. .„ 73, 

7.. T... ... .„ ,3, .^^^^ ^^^^^ 

P-.nt u. .,7.. I„ ^^^^^ 

1" 733 ..... .3.^ 

t».r. „ . „„ „„.i.,., „^,, ^^^^^ ^^^^ 

Within aubcoluan 77U ^ ^ ^ ► ^4 

73» com. in th. t»r.. bit. Mio- .„a ,„try 

7«0 is . .1.. .p.clflcatlon r.cor«. 

1-:... . n.x. 7U, „Mc» oc„.a:„, . i..„„,,,„,,„ 
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snapshot used In the view, and a field 7«3 which contains 
alscel laneojs inforsation about the view. "he data 
identification nucUer is used ty the child object of the 
link, to deterilr.e what data Is sent through the link. 

Figures 3? - 13 shew the es ta bl i she e nt of a link with 
a view. As has been discussed before, in Figure 37 window 
791 for "Paste Up- (object 707) has been opened by double 
clicking on the icon for "Paste Up". in Figure 38, using 
Cursor 781, controlled by souse 20, portion 790 of the text 
of "Sample Text" has been selected. The portion In Inverse 
video stating "New Wave Office environment" Is portion 790. 

In Figure 39, cursor 78i is used to select the 
selection "Share" In a pull down nenu 792. Once "Share" Is 
selected, child object 709 ("Sample Text") creates a data 
identification number which Identifies portion 790 of the 
text to child object 709- Child object 709 also causes OMF 
100 to put a link to child object 709 on clipboard 720-- 
Child cbject 709 communicates to OMF 100 through command set 

forth Ir Appendix 5, attached hereto Child object 709 

also Informs OMF 100 what data Identification number is 
associated with the new link between the child 709 and 
clipboard 720. If there is a snapshot associated with the 
link, child 709 will also Inform OMF 100 if there is a 
snapshot associated with the link. Snapshots are discussed 
more fully below. As a result OMF 100 will make an entry In 
HPOMF.XRF 603 for a link between clipboard 720 and child 
object 709. The view specification record for the link will 
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file position in HPOl-«- pbp 
-ere a View, 32 character 
textual data ID i, located 
contains zero if no 

defined by the child. The 
low order five bit, of tJe 
file position are always 
"ro and are thu, not 

indicates which bits are 
for this bit field. 

Set if the view 
i;fJJ'"Jf»tion has been 
initialized. if clear, 
inforaatlon in the view 
specification is zero. 
„'"^«<=i«al nuaber 0000 
fO'O 13 a «asJc which 
ind-cates which bits are 
used for this bit field. 

Reserved for future 
expansion. The hexadecimal 
r.u«ber 0000 0008 is a ,as." 
Which indicates which bits 
are used for this bit 

^ X S 1 U • 

Specifies the view class 
the Child assigned to the 
view. The view class 
defines What view methods 
are available to the 
P*rent. The hexadecl.ai 
nuober 0000 0007 Is a aask 
«hlch Indicates which bits 
are used for this bit 
field. 



^" —PI., .n P,..., „, ,,,,,, ^ ^^^^^^ 

through a link 67U , 

an. a parent of an object 673 through a 

link 675. Ob^#rr Aro w 

OKect 6,2 has a tag of -,2-. ^ink 67U as a 

reference naae -1-. obiect 673 ha, , . 

- <3 1 3 nas a tag of "19". 
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675 r.as a reference Ra:e "7". Reference names are picked by 
the parent object and need to be unique for the particular 
parent object; however, other parents nay have a link with 
the same reference naae provided each reference naoe Is 
unique for each parent. 

Figure 79 shows a block dlagraa of HPOMF.XRF 603. 
HPOHF.XSF contains an entry for each link between parents 
.and children. In HPOMF.XSF 6O3 column 731 contains the tag 
of the parent for each link. Column 732 contains the tag of 
the child for each link. Column 733 contains the reference 
name for each link. The first three bit positions of column 
733, shown in Figure 79 as sub-column 73", indicate whether 
a View specification file record is present (-TlO") whether 
no view specification file record follows ("000") or whether 
the link is between Is a link from the global parent to a 
global object ("TOO"). 

As may be seen, entry 735 Is an entry which describes 
link 67U shown in Figure 77. That Is, in column 73 1 of 
entry 735 there is the parent tag "6". In column 732 there 
is the chiitf tag -12" and in column 733 there is the 
reference name -1-. since object 671 Is a folder, there is 
ao View, therefore the three bits within subcolumn 73U would 
be "000". 

Similarly, entry 736 is an entry which describes link 
6 7 5 shown in. Figure 77. That is, in column 731 of entry 736 
there is the parent tag "6". In column 732 there is the 
child tag "19" and in column 733 there is the reference name 
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recoria cannot be identified by the content within a view 
3pecl ficaticn file record, HPOHF.XPF is increased in aize 
16K bytes at a time. A newly allocated portion of HPOMF.XRF 
13 filled with reroa. File records within HPOMF.XfiF which 
are free or which define a link have the following fields 
listed in Table 5: 

Table 5 



^^rent.ag Contains the tag (HPOMF.CAT 

record number) of the parent 
object of this linlc. if this 
field is 0, then this record 
does not define a link and is 
free . 



Contains the tag of the child 
object of this link. If 
ParentTag in this record is 0, 
and this field is also 0, then 
no record beyond this record in 
HPOMF.XRF defines a link. 

^^^^^^^ Contains the reference name that 

the parent has assigned to the 
link. This field is meaningless 
if ParentTag or ChildTag is 
zero. Otherwise, if the top 
three bits of this value are 
110, the next record in the file 
is a view specification. 

File records within HPOMF.XRF which are view 
specification file records have the folloj/lng fields listed 
in Table 5k: 
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Table 5A 

Contains the value that the 
child has assigned to identify 
the part of Itself that is be-r 
viewed through the l.lnlc. 

^"*P'^<'^ Contains the tag (HPOMF.CAT 

record number) of the object 
-hlch is the Views snapshot, o 
If 2ero, the view has no 
snapshot. For further 
<ll3Cua3lon or snapshots, see 
below. 



Mise 



Composed of several bit fields 
described below: 

VS.NCWDATASET Set if child has told OH? 

that new data is available 
but has not been announced 
to the parent. The 
hexadeciaal number 8000 
0000 is a mask which 
indicates which bits are 
used for this bit field. 

VS_N£WDATAANNOUNCED Set if child has told OMF 

1 0 a n R o u n c $ ae w data t o 
parent, but parent was 
inactive and was not 
notified. The hexadecimal 
number i*000 0000 is a mask 
which indicates which bits 
are used for this bit 
field . 

• i* child has told OMF 

that the view's snapshot is 
out-of-date. The 
hexadecimal number 2000 
0000 is 4 mask which 
indicates which bits are 
used for this bit field. 

VS.WANTMESSACES Set if child has told OMr 

that It wants to process 
view messages when snapshot 
is out-of-date. The 
hexadecimal number 1000 
0000 is a mask which 
indicates whicr. bits are 
used for this bit field. 
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IFi.-str reeEntry 



Moduler lleName 



properti es 



Table « 

Is "-1- if this record defines 
an installed class, otherwise 

rield is the record nuober of 
the next free record, or -0" if 
there are no .ore free records. 
If the record is free, none of 
the other fields in the record 
Is meaningful . 

Specifies the name of the 
application associated with 
objects of this class as a null- 
terminated string. 

Sped fies the number of 
properties, the length of the 

In^Slnlt 21V '''^ location 

In HPOMF.PRP of the object's 

properties. See the description 
Of HPOMF.PRP t,.iow for furtSeJ 
definition of the structure of 
this field. 

I" Figure 75. the relationship of HPOMF.CAT and 
HPOMr.CLS is Shown. Within each object entry within 
HPOMF.CAT. the record number, which is an object's tag. 
'-ves as an identifier 650 of data files in a mass storage 
-emory 170 associated with the object. The field 
"Typelnciass" serves as an identifier 651 of the class entry 
in HPOMF.CLS. which identifies the class of each object. 
Within each class entry in HPOMF.CLS. the.fleld 
"HoduleFileMame- serves as an identifier 652 of the 

application file l„ .ass storage memory 170 which is 

associated with the class. 

In Figure 76. the organization of a portion of .ass 

storage .e=ory ,70 is shown. A root directory 660 contains 

po-ters to an HP.WDATA directory 66l and HPNWPRCC directory 
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665. HFSWPHOG directory 565 is the location of storage fc 
applicatlona files, represented by arrows 669. HPNWDATA 
contains a plurality of HPCMFddd directories, represented 
directories 662, 663. 66U. 665 and 666. i„ the HPOMFddd 
directories are stored data files associated with objects. 
The -ddd- in HPOMFddd stands for a three digit, leading 
zeros, hexadeclaal number. Each HPOMFddd directory has a 
different "ddd" hexadecimal number. The -ddd- number 
indicates u.ich HPOMFddd directory stores data files for a 
particular object. Data files for a particular object are 
stored in the HPOMFddd directory which has a -ddd" number 
equal to the tag for the object divided by an integer 
number, e.g., fifty four. Within each HPOMFddd directory, 
riles are stored by tag nu=bers. e.g. data file names have 
the format x x x x x x x x . 1 1 1 , where "xxxxxxxx- is an eight digit 
leading zeros hexadecimal tag. and "111" are a reference 
chosen by the application. 

System file 603, HPOMF.XBF Is also referred to as 
SYSXREF. This file , ust of all th, links existing u 
the system. It is record oriented, but does not have a 
f^eader record. Each record file is either free, or defines 
an existing link, or is used as an overflow record from the 
previous record to specify additional view specification 
information. Records that contain view specifications are 
called View specification file records. View specification 
file records can be Identified only by a previous record 
Which defines an existing data link; view s peel l-i catl on file 
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Tab: 



IFirstFreeEntrv 



TypelnClas s 



SysCatFlacs 



properties 



fas t pro pa 



I s 
an 



^" if t.^:3 record (defines 
object, ot.^.erwise this reco 



13 free and this field Is the 
record nuciier of the next free 
rerord, or "O'- if there are no 
core free records. If the 
record is free, none of the 
other fields in the record is 
ceaningful . 

3peci f ies the class of this 
otject. This is the nunter of 
the record in HPOKF.CLS that 
indicates to which class the 
object belongs (see discussion 
of class above). 

Specifies if the object is 
global if the bit masked by the 
nctber 20 (hexadecimal) is set 
in this byte. In the preferred 
erbodiment all other bit 
positions cjst contain "0" and 
are not used. 

Specifies the nuober of 
properties, the length of the 
property races and the location 
in HPCMF.PR? of the object's 
properties. See the description 
of HPCMF.PRP below for further 
definition of the structure of 
this field. 

Certain object properties, such 
as name, are so heavily accessed 
that they are stored directly in 
this field, rather than 
indirectly in^the properties 
file. Properties stored in this 
field are called "fast 
properties." 



System file 602, HPOMF.CLS is also referred to as 
SYSCLASS. This system file is a list of all installed 
classes in the system. It is record oriented. The firs 
record, numbered 0. is a header which contains various 



/ 

/ 
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:0 



2S 



30 



IS 



signatures (see above) ani is usei to manage a list of free 
recoris. All ether rercris eicr.er refine an installed class 
or are free. In tr.e preferred ezbodicent HPOMF.CLS can grow 
dynacically, but cannot 3hrin<. 

Each file record in HPOMF.CLS is thirty-two bytes in 
length. HPOMF.CLS file record 0 (tne header) contains the 
following fields listed in Table 3: 

Table 3 

IFirst.-reeEntry Contains the record nuraber of 

the first free record in 
HPCHF.CLS, or " C '* if there are 
nc free records. 

Pileld Contains t:-.e null terminated 

string "HPOKF.CLS" 

Version Contains the file format version 

nua be r . 

IMax? ecordNuEbe r Certains the number of the 

highest record ever allocated 
froa within HPOMF.CLS (this 
highest record may or may not be 
free) . 



Table below, contains the fields for file records in 
HPOMF.CLS for file records other than file record 0: 



J5 



50 



55 



/ 
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O'.^.r ,r.,r.,.. ,„ ^^^^^^ ^^^^^ 

= e.-.e as a ....a t.se t.a-. f.ovi.,, 

tne, pr,.i,, l„f,r.atlor ascu-. cs.f.ct prop,rti„ ,.cs as 
-^.at cla,, ..c, O.J.,, ^^^^ 

r.x„ 5c,.6or P.O.,,. i.nroroauon aPc„t cUa»s ,r 

otJjects such as what a-Dlira*i-^„ . 

a, Plica. 10, la associated wltB each 

=13=3 Of op.ects. w,at icon represents o.j.cts of a 
-rtlc.la.. c:ass Ust. of ^^^^^ 

!n ris.re 2) can te processed 0, objects of a 
P-tic.Ur class. s,ste, file, 6„.5o7 also contain 
in.-or = atl,„ atout Un.s Oetwe.n parent a„. Clio opj.c.s 

i-Xuom. a list Of parents an. reference „ , 

rrc. a Paren.. for eac. object, a Us, of chlUr.n an- 
reference r.a.es of eacn lln. to a cM 1. for e,c. oOJect, arc 
3^=.-.lora! information to =a„a„ .at. e.o.an„ across <,ata 
lin.s. .o.ltlonally, ^^^^^^^ 
information such as vnat files are install., i„ tn. 
«»ratl„, syste. for e.c. class tnat Is Installed, an. .... 
object, nave re,„e,t.. auto.atlc restart -nen tne OHr ,00 1, 



reatar te(i . 



in the pre.'erre. ...o.Lcent of t.e pre„„t invention 

3y3.ea Tile 601 i, .efe.-.e. to a, HPOHr.C.T. sy^te. rile 60. 

13 rer...e. to a, HPOMP-CLS. ,y,,e, Tile 603 i, .erer.e. to 

as HPOMF.XRF, syatea file 60Il i, ref*-r.H . 

IS referred to as HPOMF.prp, 

system file 605 is referred to as Hpomf tm« 

to as MPOMF.INS, ayaten file 606 

13 referred to as HPOMF.SDF and systeo file 607 is referred 
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ti-.at a triangle la now ..splayed tot. in wir.,ow fioc an. 
region 7 9 7 of wm-iow o ; . 

In Figure 60, window 300 .33 bee. close.. m Fig.: 



g 'J r e 



5^ '•New Shape- is selected ,y pacing cursor 78^ over 
re, ion 79 7 of wir..ow 796. and dicing a b.tton on .ouse PC 
in Figure , ...sor 7S, i, use. to select selection -Share 

froa pull .own 5.50^ f.-»„-. c , 

-n figure 53, cursor 78 t is used 
to , 3„,, ^^^^^^ ^^^^^^ 

^e. i= .se. »,l,cuc„ .p.,.e. r„e ,„n .,w„ 

S.,;,.. ,,,, ,,,, 3,^^.,, ^^^^^ ^^^^^^^^^ 

s^,.,.. ^^^^ 
770, rr = = Its parent -Fa,-., up- (ofiect 707). 

^r. ris.r, 67, r.g:,„ 7,7 ,.,. = t,. 

'3.. 73, I, th.n to „u = t s.l.ctlon -Cut" r.o. 

P.ll .own, .... 7,.. T., .„,.:t, a, i„ 
region 73, „.„ 
our,,. 78, 1, to a.Iact „I„tlo„ .pa,t.. fro. puU 

own o,r.u 783. r„ult, ahown l„ 70, la .„ uo„ 

for Sh.p,., p,i„t., to „ c.naor 78,, i„ 

■K.v Shape (opj.ct 750 , i, ,,„.„ t, p. . 

N.vwa., omo, (object ,00), thro.,« , Un. 780. 

m rigure 72, OHF ,00 la a«,». to oont.ln a...„ ayata. 
rnea: ,„t„ ftu 60,, ayat.o fl„ 6oj. ayata. ril. 603, 

.'11, 60., „at.. ril, 605, a„t,= rn, 606 a„te. 
ni. 607. o.r mtarrao. 599 aa.v., aa Int.rfa.a of OHT to 
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«lc.al o.jec:. 13 a .e.cen.e... or giotal eject. A:.^o.,.. 
-gu.-e 7U Show, cnlv 3ix glo.al c-ec^s, the nunber of 
Slo.a: Objects operating on a ,y3:e, is a matter oT sys^ex 
conriguratior.. ,,,,,, ^^^^^ ^ 

.lo.al Object by V-^^.. t.e .ere.-ence .a„e or the Un. to 
that global Object from the global parent. 

As Day be seen frc= Fl«a-e ^7 r- i 

.ftO. e , 3, file records in 

H.'OMr.CAT are numbered consecutively Th.,« . v 

These nuBbers serve 

.as tags, which identify each object. 

the prererrei eabsd-TT a*- fh- „ 

w-c-.-a.n. 0.'- the present invention, 

each record is 128 bytes t- ier-*K ^- , 

i.. ier.a-h. ,fie fields for file 

record 0 are listed in Table 1 below: 

Table i 

l-irstFree£ntry Contain, the record number of 

the first free record in 
HPOH'.CAT, or "0" if there are 
r.o free records. 

Contains the null terninated 
string "HPOMF.CAT". This serves 
as a signature. 



F i 1 e I d 



Version 



Contains the file format version 
number, which also serves as a 
signature. 

iKaxRecordMumbep Con-a<n, th- - 

won.ains the number of the 

highest record, ever allocated 

from within HPOMF.CAT (this 

highest record may or may not be 

r PC e ; • 

Table 2, below, contains the fields for file records in 
HPOHF.CAT for file records other than file record 0: 
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to as HPCM-I-O.Nwr. , descriptior. o.' each 5yste= f-e is 

now g i V e n . 

System file 601, HPO-r.CAT, is also referrec! to as 
SYSCAT. H?0«-.CA- is a catalog of all the existing objects 
in the systes. m Figure 73. H?cy-.CA7 is shewn to be 
record oriented. KPOMr.CAT has a plurality of file records 
In FiS'Jre 73. file record 0 through file record 8 are sho^n 
although HPOKr.CAT aay contain =any more file records than 
are shoun in Figure 73. rile re:or^ 0 is a header which 
contains various signatures and is used to aianage a list of 
free file records. A signature is some known value which if 
present indicates that the file is net corrupted. File 
record 1 through file record 8 and additional file records 
(not shovn) either define an existing object, or are free, 
m the preferred etiboditent HPOKF.CAT can grow dynamically, 
as lore file records are needed, but cannot shrink. 

File record l defines a special object called the 
global parent. The global parent has a form different than 
every other object, and oay be regarded as a "pseudo" 
Object. Figure 7tt shows the global parent to be the parent 
of global object 250 through link 260, global object 251 
through link 261, global object 252 through link 262, global 
object 253 through link 263 . global object 25i« through link 
26i» and global object 255 through link 265, aa shown. 
Global objects 250-255 are also within HPOMF.CAT. Each 
global object 250-255 may be a parent of one or more objects 
In HPOMF.CAT. Each object in HPOMF.CAT which Is not a 
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'■■>■■'.''■ in a ^^^^ ^^^^^^ 

(o...,c. ,0.. ^ 

— — ,,,, 

75,. " 

= o.i.ct 70. . = „.,u..., 

- - OH. ,00 .... ^^^^ ^ 

O'^^'oox,,., ^^^^^ ^^^^ ^^^^ 

1-"K» I. no, ,cti.., OMr ,00 th. bit 

■■•quest t.-.. „e„ 

ir p,.,„, ^^^^^^^ ^^^^ ^ 

f'ererence name of th» ^ 

o.,,„ , ^^^^^ 

- ."t, ^^^^ 

o.^.ct TOT , _ ^ 

---.Pla,.. X„ 7„ ^^^^^^^^ 

-..c..»io„ or t». sp,»rtc.tio„, ... r,„„, 

'PPerilxes S, c and D. 

"e ,..a„,g. or t.. p.,„„. ^^^^^^ 

'07 1, oo,.„„lc». .1... o,j_ ■ 
OKr ,00. .1.,,.. ^^^^^ 
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706 .ncwi.g ,,e identity or any ot.er .etalls about eac. 
ot^er. T.e parent object i.ertirie, the lin. .,i„g only t.e 
reference na,e of t.e Ur.k. T.e child object Identifier t.e 
lln. u,ing ju,t t.e data Identification number of the im.. 
OMF ,00 doe, an t.e translation and Identification of w.ic 
links and which objects are Involved. 

Syste, file 60«. HPOMF.PRP. i, referred to as 

SrSP.OP. HPOHF.PRP contain, all the object .„d class 
properties except for the fast object properties which are 
contained In HPOMF.CAT. Each record 1„ ,y,te. fUe 601 
(H?0«r.CAT) and systeo. file 6C2 (HPOMF.CLS) has a properties 
aeld. as described above. Each properties field contains 
tr.e fields describe- in Table 6 below: 



Table 6 

^''^^^^^^<' Contains the position (byte 

offset) within HPOMF.PRP of the 
property list directory. 

"^"""^^ Contains the number of 

properties In the property list. 
This Is the number of entries In 
the directory entry array 
described below. 



Poo IS 1 ze 



Contains the combined length of 
«I1 the names of the properties 
In the property list, Including 
a null-termln^tlng byte for each 
name. This is the size of the 
directory name pool described 
below. 



For each object and for each class, at the DlrDlsWLoc 
position in the HPOMF.PRP rile Is the property directory for 
that Object or that class. The directory ha, two major 



/ 
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Pcrtior.a: the entry array, followed the n.„. , 

oy cne name pool . The 

entry array ha, ere ent-y for •;,.k 

= lor each proserrv < » »w 

H opercy in the property 

r.=. „^ ^^^^^ ^ ^^^^^^ 



Table 7 



ValueLen 



ValueDlakLoc 



Specifies the length m byte^ of 



CacheOf fset 



ntoMr pIp^^^I position within 
HPOMF.PRP of the value of th* 
aasoclated property. I? 
ValueLen la zero, this !• 
zero a„, „i\ij,:^- 
Stored anywhere. 

This field 1, only uaed at run 
Ir^Vrtlt.'' '"nlngful in 

IicBediatelv ^/^■•i*..^ 

.=-lo-.n, th. „ ^^^^^ 

portion of H?Of^=" prp • 

p.,„,,,„ ..^ ^^^^^^^ ^^^^ ^^^^^^ 

user cofflaenta, date an- fi«. 

an- tl«e of creation, the user who 

created the object .f/. e- 

Jecw, etc. For aore Inforaatlon on 

properties, see Appendix D. 

or ..... „ . ^^^^^ 

•Uocuon 0. ^^^^^ ^^^^ ^^^^ 

significant bit of earh 

each word used first. Thus, bita 15 

through 0 of the f'*f*»f 

f.rst word of the bitmap control the 

allocation of n 

Pag.3 0 through ,5 Of the file, respectively. 



/ 
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When storage in the first \02^ pages is insufficient, a 
second bitmap is ^Ctei to the file following page 1023. 
This bitoap controls the allocaticr. of pages 1024 through 
son, which isieciiately follow the second bitcap. 
Additional bitsaps and pages are added in the saoe way, as 
needed . 

Each directory and property value is stored as a single 
block in the file, i.e., as a contiguous run of pages" that 
are all allocated In the saae bitmap. This causes the 
restriction that no directory or value can exceed 32K bytes 
( 102U times 32) in length . 

Systec file 605, HPOHF.IMS, is also referred to as 
SrSIKSTL. HPOMF.INS contains a list of the files that were 
copied to the system when each class was installed. This 
information is used so that these files can be deleted when 
the class is de-installed. 

The very beginning of HPOKF.INS i3 a double word value 
which serves as a va 1 1 di t y / ve r s i on identifier. In the 
prtferred embodiment the value of this double word must be 
0101ABCO hex to be valid. In Table 8, this number is stored 
as shown because of the protocols for storage in the 
particular processor used by the preferred embodiment, i.e. 
an 80286 microprocessor made by Intel Corporation. 

Following the double word comes a series of variable 
length records. There is one record for each Installed 
class. The first word of each record is the length of the 
rest of the record, in bytes. This is followed by the null- 
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t^.e Tile n.„e, or t^e r-le. c • ' " 

^-«-^«inate<J by a n.ll b.te and „ 
6Ave3 length o' 



' the file 13 a33uaed to be located i 
the HPWWPRor located in 

n.NWPROG directory. . 

special cH ^^^^ the 

special characte- ►k^ . , 

the file la aasumed to be located i 
the HPNWDATA directory. 

example, assume two classes , 
"AO" and installed: class 

- Class «C0.". Class -A3- caused two riles to be 

HP-.ATA directory ci "^r" to t.e 

-tory. Class "CDE" caused , rile to be 

^ase laoie 8 k»1/*l, 



Table 8 

orrset content 
?. CD AB 0 1 o: r.,,*!"!"^^ 



(.u AB 01 o: 'e hIVm , 

OC 00 lI^^S J ''f'"'"'^'" Check 

l-ength or AB record ( iP 



6 ai U2 00 ..f!*^"^^ 

9 OK *3 ♦ Mull 



2A 5A 00 ""'^ 



'••"f,'' «f length byte ".j- 



D ^'^ "'^ -'Z" * Null . 

59 59 00 -j'yvV , „ 

'2 OA 00 *ii ♦ Nul 1 

Length or CDE record do 
1U U2 UU lis on <lecifflal) 

Leagt, or length byte . -.xxx- 



'9 2A 53 58 53 00 -.^x^X-' 



Nul 1 
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Systetn File 605, hPO^-^.SDF i3 also referred to aa the 
"shutdown file". KPCKF.SD- exists only when the systea has 
been cleanlv shut down. It is deleted as the systes starts, 
and created as It shuts down. On startup, if this file Is 
missing, OMF assumes that the last session ended abnormally, 
and 30 it goes through its crash recovery procedures to 
validate and repair the systeo files as best it can. The 
system files can be in an invalid but predictable state on a 
crash. These errors are corrected without user 
1 nt er venn icr. . Certain other kinds of file consistency 
errors are detected, but are not really possible from an 
'•ordinary" system crash. These errors are in general not 
correctatle and the OMF will not allow the systeo to come up 
in this case. 

If K?0I^F,5DF is present, it contains a list of objects. 
When the system is being shut down normally, each object 
which is active at the time can request that the OMF restart 
them when the system is restarted. The list of objects, 
then is the list of tags of objects which have requested 
that they be restarted when the system Is restarted. 

The first word in HPOMF.SDF is a flag word. If this 
word is non-rero, OHF will execute its cr^sh recovery code 
even though HPOMF.SDF exists. Normal shutdown will set this 
flag when producing the file if some serious error occurred 
in the session being ended. 

After the first word, the rest of the file is a 
sequence cf three byte records. The first two bytes of each 
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rezorc con:aln the tag of the object to be restored. The 
least significant byte ia first. The third byte is not used 
in the preferred eobodioent, and is zero. 

For exaxple, if the system is shut down cleanly in the 
last session and two objects, having tags of 2 and 7, 
respectively, have requested restart, the content, of 
HPOMF.SDF will be as set out in Table 9 below. 

Table 9 

!0 offset content consents 

° °° °° Indicates no crash recovery 



^5 



30 



■15 



50 



needed 

Tag of first object to restart 

Unused and reserved 

7 n'n ""nd object to resta-^ 

Unused and reserved 



2 03 00 

>i 00 
07 
00 



Systea file 7, HPO.ypICO. NWE . is a Microsoft Windows 
dynamic library executable file which contain, a dua.y entry 
point and no data. Microsoft Window, i, a program sold by 
Microsoft Corporation, having a bu,lne,, address at 16011 NE 
36ch Way, Sednond. WA 98073-9717. HPCMFICO.NWE also 
contains as "resources" the Icons of each installed class. 
OMF modifies HPOMPICO.NWE directly during run ti.e, and 
loads and unload, it to get the Icon resource, fro. it. The 
format of HPOMFICO.NWE is defined in Microsoft Window, 
documentation distributed by Microsoft Co'rporati on . 

Normally working with a view (,ee discussion on views 
above) causes a child-s application to be Invoked. Where 
large applications are involved, thi, can cause a lot of 



55 
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'0 



15 



30 



30 



35 



■•0 



50 



unn-ceasary overhead. The use of snapshots allow this 
overhead to be eiiiir.atsd. 

A snapshot Is an object that uses executable code froa 
a separate lifcrary referred to as a dynaaic access library 
(or D;L) rather than using the full application executable 
code. The only data file associated with a snapshot 
contains data which is to be sent froa a child object to a 
parent object. The code which encapsulates the data file 
although referred to as a dynamic library, is still stored 
in directory HPOMFPROC (directory 668). 

Tor example, Figure 8l shows a parent object 501 linked 
to a Child object 502 through a link 50U. Associated with 
link SOU is a snapshot 503. Once child object has designated 
snapshot 50] in a view specification record for link 50U, 
snapshot 503 is able to provide data froa child object 502 
to parent 501 without the necessity of invoking an 
application associated with child object 502. 

As shown in Figure 82, when there is no snapshot, child 
object 502 oust be active in order to send view data 522 to 
parent object 501, m order fop parent object 501 to display 
view data 522 in a window display 521. In Figure 83, 
however, snapshot 503 is shown to provide, view data 522 to 
parent object 501 without the necessity of child 502 being 
active. Further i nplement atl on details of snapshots are 
given is Appendix B, Appendix C and Appendix D. 

Appendix A is a list of aajor data structures within 
OMF 100. 



55 
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Appendix B la a deacrlpt'on «r r 

iPt-on Of runctlons which omf 

preferred enbodlaent or tMe 

present invention. 

Appendix C (HP NewWave EnVr«„,. ► 

Env.ronaent: Program Design 
£-^a>ple=,) Gives example, of hew the r 

'^^^ preferred eobodlaent of 

th« present invention nay be 

' ' ^-''l"«"'e<l-lncludlng detail as 
-0 how OMF ,00 allow, data to be viewed' b.. 

, . viewed between windows 

displayed on monitor itt . 

Appendix D (Chapter 2 of ?rn. 

P r 2 of Programmer's Guide) gives a 
i'Jrther overview of t-K^ * 

"* ..b=.l..nt or », 

— nUo„. ^^^^^^^^^ 
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An oDiect based cl,str,Outed computer system compr.s.ng a network of workstations and means for 
transmitting obiects between workstations characterised by obiects including a first object type for 
storing data and a second ob,ect type for presenting data to a user, wherein objects of -he second type 
V<, reference an associated ob,ect of the first type (V-s) to enable a plurality of users of workstations 
to access data of me ot:,ect of tfie first type, comprising means fdr transmitting an object of the second 
•ype (V-c, between workstations thereby to create a reference to the associated ob,ect of the firM type 
(V-s) for each workstation receiving an cbiect of the second type. 

A system according to claim i comonsing means for cooying an object of the second lyce (V---) 
tetween workstations. ' '' 
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A system acccrd.ng lo claim I or da.m 2 wheresn transmuted obiects of the second type (V-cimcluce 
an loeniifier (60) for tne associated ociec! of the first type rv-s). 

A system according to any preceding cla.m m the form of a conferencing system comprising means 
enacling users of the workstations to oarticipate .n a meeting over the network wherem obiects of the 
first type (V-c, store meeting data and oDiects of the secona type (V-o are for presenting meeting data. 

A method of convening a meeting using a system as claimed in claim 4 comprising transmitting an 
obiect of the seconc type iV-o oetween workstations thereby to create a reference to the associated 
ooject of tne first type !V-si for each workstation receiving an object of the second type. 
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